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A rare earth metal-based permanent magnet has a 
metal oxide film formed on the surface thereof by a 
sol-gel coating process. The rare earth metal-based 
permanent magnet is produced by forming a metal 
oxide film on the surface thereof by a sol-gel coating 
process. The metal oxide film is thin and dense. The 
adhesion of the film to the surface of the magnet is 
excellent. The film exhibits an excellent corrosion 
resistance. Typical examples of the metal oxide 
films are Al, Si, Ti and Zr oxide films. An interfacial 
layer with R (rare earth element) atom chemically 
bonded with a film forming metal atom through 
oxygen atom is formed between the metal oxide film 
and the entire surface of the magnet. 
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2, 1 W4#A^4*i»s *t^8LW#i^A4a«M: 

— - R-Fe-B #*M*fcw 



3. -»«*UPJ*#. 1 ^tt#A^**U*fls JttW^A^***** 
— *fcg-f- R-Fe-N ^^Cl&fr. 

^. (C) . 

7. *J*M'JJM^ 6 ^##A^*4tfW¥s *tWWWi«t 50ppm 
J»J l,000ppm (wt/Vt) 6t&®^. 

0. 01 M m JiJ 5 M m #r&® F*3. 
&4fcJ&l#&fc^Al, Si, Ti^Zr^mt^!yit^^$Jt^f^^$jm 

^^^^#>h^^fij^rit^^^'-- ^frftM:, T&R&M:^ R(#i-7C 

12, 4ME*t*i£-.& 11 ^«&#i-AA4U*fls *tWtt^4Mt»i* 
kfcJ^Al, Si^Ti^4fc^t^iW^#^^^^|l4t^M^^. 

13, 11 ^t^#i^44c^s ^tW^^^it^ 



JUM** fefe^Ai, si Ti jut* 
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#J^&*U&fls Hs^f - R-Fe-B ( Nd-Fe-B tfj#J&&% 

KJl) R-Fe-N #?M&# ( #;g-f- Sm-Fe-N , 

W-fr, £. ejfrlftfj 9 >M-#J No. 63-192216 *H$*£T — #i&i±£^&M$ 
4tfl»-Ufc*: Al -ft^#. Si 4b&&& Ti 4fc£4fr, #^it#ffc^b^«^^ 

9 4^-#»J^ No. 2-37081 t^T— Si |L4tBI^^*, i£y5-$k& 

J^e^Hm B^M^t* No. 63-301506 t^T— #>T^-, 

9 No. 63-168009 t^T— ik7)&&&% 
Ti Kj^m&dfcmJb&Giy^ #Usr>£- 700°C #<)#<l±^fte£& t3t#&*fca. 



^Jfj^SL ^C.4^^B*.^*!+* No. 63-192216 %>ft^*\£-%r 
No. 2-37081 t. Jkm74l%±*&&tt&&fc^&£&fr&%- 

&£>4Hf&} EJ >M-*J No. 63-301506 t^^^**" t. 

& 9 ^"M'J t"^ No. 63-168009 >5-*l£7 &%&&4tfftf} 

9 ^-H»J t ^ No. 63-192216 0 ^M"*!^ No. 2-37081 t^^^^^T 

^^^_t^^&^& ( sol-gel ) ^ A^^ft|L4fcJBUfc*# JL2t*T'h*L, j& 



j 

] 

*t-g-f- R-Fe-B ] 

-^l(c). 

£'J 1, OOOppm ( wt/wt ) 1*1. J 

^■^jt 0. 01 M d 5 p m 60 F*J. 

■i 

n&tti&fc^n. si Ti ^m^&&M-y—ft&4b&tt&%&^&^& 

a 



*jm&3L*m%^ £jr&*>% ^ *T-t**+w#4fcM-. ****** 
#**4MfcJ6t 

>M-^^, JWkte Al $Ufc#, Si Ti 

fit® 1 2 t^tt-iM^S CA1) *.4m<Kr^t# Nd 

3d XPS miL%i%; 

mm 2 ^r^^^^J 6 t^W^*^ ( Si ) ^I&^-fM'tf Nd 
J&tt 3d 4fc,£.#t# XPS mfrtklk, 

mm 3 fH^M^.%^m 6 t^^-fc^-^ ( si ) ^^>^t^ si 



fc^-ih 2p XPS 

mm 4 Htf**#Msm 8 t^tf^-*^ <ti> iL4ia»w»tw Nd 

3d XPS 

^^M^m^^M^kJk^Atsm $&M3UL AL Si. Ti, Mg^ 

Ca |M^+^Atfi£JUMfcJ& *f, Al ^fcj&(Al 2 0 x l& *t <KX^3) > Si 
fUtBICSiQ.ff. *t 0a^2) , Ti IMKtt (TiO x J& *t 0<X=i2) . Mg & 
«£(MgO x j& *t Oa^l) Ca J^tM ( CaO x jgl *t (KX^l). 

& *i-F ai IWtiBt Si Ti rt^PM^ 

^A Si ^m^2m»^^A*^^^4fc^^^>fc^i«.*^, # 

^^i^^JK.^60^^^^^^-t-^A^ Al $AW&£ 
^4«?MB^^4L«^^AT^RJiW^A i£R 



Fe m&tfj&fc&tf, R-Fe-N ft**&frJL&$L%At#!lM:*>/&%< 

J& J?p, Zr^/fcJ&(ZrO x , *t0a^2). Zr |WfcJKf^T^^i*4M^- 

&f-44HJHfeffl) 4*sUPTZr 4UttE4**HMi; fejUpr^HtttiMUfc 

jUWMwfc, fe^ AL Si W Ti M^^^^T^i&^tfrt. 

&$M8L (SiO, - Al 2 O y #Lto#t, 0<X^2 (KY^3) . Si-Ti 

( SiO x • TiO y ^tj^, &tO<X^2;fcO<Y=§2K Si-Zr t&MJSi ( SiO x - ZrO y 

^y^^^^tm^A^^^M^t^^^M^&* m$Jk* # 

ft. 



Si fUfcJBMMfr*,T, ^^"^ 1 « j 3 >N^^#*tfL&£^E3 

(*b*»Titt£JlMu *W**»Ti|£* ) >&#J*3 Zr Kj^foftA 

Zr 4WfcJftWtt-«.T, 4<t0JJMFk^ 3 J»J 4 >h^-^60it|L^.^K^^ife ( *b 
Zr #^#iM*T#£JU iLim^. ( *b>£>& &g£JM*^H£& ) 

&&&£<tfLm£ft£:&1b&ih. Wfr, Si-Zr S.^4Wt^Bt, T«#JJ Si 

tt/£*fb Zr Itfrfy 

Si-Al ££^&>fcJ&nt, -g>XJMJ Si-Al 
Si-O-Al 1 4 Si-Al 

Slik ( ^^t^^-"^^IL^8t^-^^ Si-Al 
#Jt) . il#^^#^^^^^!)^>(H J 00) 3 -Si-0-Al(OCH 3 ) 2 . ^0) 3 -Si-0- 
Al (OQjQs 

Si-Zr ££^4fcJ&Bt, Si 4fc£*f* Zr «ft 

Si W***^fcWE. Si-Zr 5^&flSJ&ttf Si ^ Zr #&£fclfc6^fctfi 
(Si/ Si +Zr) ^ 0.2 iU££. ^#^^b^-0MIi±IL4fcj^t^ Si >£-?v£. 

^>f J ^^it^^^)&t^^^'«>^^M:^^ 0. 1 wt%£] 20 wt% 

#]^^Si4fc^m**Si0b#, :Mb£: Si tt&fylp Zr 4fc 



j!&M*£. *t*£&#;f>Ai& ^«*JK^^ PH iMt 1 7 4J3J. **PH 
ffl^r& -^4afrttikZj&Xj&%- $ -SBia ( P" "keto ester) . 

JR^jft-Bt, ^/^4fc^76t^-5r^^^J^^^f-^'J>i" 100. 
^MM^etlOO, JNTft^^ilMOIft^. 

20c P . *&m&>m&&&t 20c P , ^ #jL£&*t 



>;^^t£> ^VX&temhZM&fc ( >t> AL Si, Ti Zr 

^p80t:. ^3?> £^fi£##J>.g-^ Nd-Fe-B # 

£ Si-Al UWt. ^^.Mtf^ Si ift^, 
JJ'i*^t^^*^Si-0-Si^^5:^Si-0-Al^, ^t£|Mfcj&+$^Ai 
ZJLfr, Mgr&fa t Al-O-Al Si-O-Al $t £#.#J&t Al 

ZMtftiL (C) . ^ (C) ^M^^^*^^^^m^>{*^# 

&fa#J'k&$Atm, X&JgMtfi&kft 50ppm5'J l,000ppm (wt/wt) . 

( C ) 50ppm, J?'j££^&TT&/^£L£t- -fr*$L 




3d 4/^«$ ^m%^- ( 0. 5 ev nftrfdm~h¥\fj\ 

^k.y^JL^^^jM.'y— #7G^: Nd, Pi\ Dy> Ho, Tb^Sm, vX5U^La. Ce, 
Gd. Er, Eu. Ik, Yk Lu Y ^i&g&s #X,^". 

il/f, — (R) A^T, ^^fi^SL*;*, ^^J^^-TO 
^^#i&£##ixjr (R) ( >b^^^i^^jS^#^^ 

^^t^f- R-Fe-fi tfjjpJ&fc^tf} R f^-fr&f- 10 at%, B'J&fl^ftifrJ? 
$N5;ft (HcJ) „ — ^3?, dWfc R fiS^&it 30 at%, I'J^t^T't R mP& 

Kjfc, R #)&ikxL& 10 at%#J 30 at%6$&ffl 

Fe 6$-^5#,f- 65 at%, mft&'ymfc&S&MJL ( Br ) . ^ Fe 6$^ 
*&*t 80 at%, J^fly^i^M^ (HCJ) . gjjfc, Fe #^4: 

^ 65 atfcfi] 80 at%6$&ffl F*i. 

&itm Co iHft Fe 60— ^v*i£4-&j£&&ft*ffr^4Lf t iti&^ 

#^*1^"W6^. Fe fit Co t#^*£ 5 at%£] 15 atfc^jSJ, J*Sfc;fr 
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*»* B ftfrfifaT 2 at%, «i«£tffM*##.£#I. @J*fc, **fe*t.#i5#r 
^ (HcJ) . B #>g~I:&i± 28 at%, m*$fat B ^Mfefctf^, #JL^' 

B 2 at%$) 28 at%# & S ^ . 

i&^tf 2. 0 wt%iljt!>^ P 3* 2. 0 wt%^^'60 S 1 60 J-!>"— #. W 
i&i±# 30 wt%^^.^60 C B &—^fc?£4J&fctfj'#M&'&. 

$^&£.>*j&M$3*-fl&, A»^i!^Tife--#^*.^3fc^: Al, Ti, V, Cr, Mn, 
Bi> Mx Ta» M<x W. Sb. Ge, Sn, Zr> Ni, Si> Zn. Hf 3* Ga. 

(BH) max 159 KJ/m 3 , *4MWW&4#ifc (Br) 0.9T 

•jfrSiii^^ f&R. Fe^B^h I^Jk^ft^ R-Fe-B 

£#UfeWL"»***.f- R-Fe-B ^^^MLt, te^fat^ftttX^tett^ 

1 M m 80 u m #JU£i£— &&&&&&k 

% l%f'J 50%#4M&te T^^^^M^T^-f ^^f" 80KA/m #i^N5;*7 HcJ, 
■f 0. 4T 6^J^Sfc&^& Br WJBJH'&tt- 80 KJ/m 3 (BH) max. 
4U3&Wlt1ZT, (BH)max^|L^Ti^'J 199 KJ/m 3 ^^. 

jfcfc^h fi^T-tX/Wii^^h R-Fe-B ^M^WH^W^ £^ 

^g^L^iJt^" No. 9-92515 t^^Af-^JH*** R-Fe-B ift&gif&fa, 
^^fl-^g^^Jt^- No. 8-203714 t^#^4fcSfcfc (#]*», a -Fe 
FejB) $>m&te (Nd2 Fe M B) Nd-Fe-B iftMiM^&^fk itiL&^J*^ 

(^^r^^ffi^--#^-*) #]#6^-^ftj5j'l£tf Nd-Fe-B 
( & MQI Co-^Ji^ MQP-B ( 7$)»g»j£# ) ) KWUfcfcl 



n 



R-Fe-N -f"^", 9 >M"* 'J>2^£- No. 5-82041 t4&&<# 

Tjcgftfc (Fe,.^) ^ ( £t 0. 07^X^0. 3 0. OOl^Y^O. 2) . 

# 17Nd-lPr-75Fe-7B #JLM-# 23mm * 10mm * Gnm, &J&JteT&)3'}&£.? i : # 
#J**, No. 4, 770, 723 «N*i£*0>*-*. &T3LtfjWl£*, 

%$sfi\ 113 

2 *Nf69&£\ PH 4itf&#T, /*)4t 1 /ifr^ Al \t&%>. $L 

mk&ttwsm&tt&mftib. tempos m^ft4M¥#^&&ft 

fm&& Al fUtfltft/M. (A1AW* *t o<x=§3) ^itHftJIt 

C tf-g-g^^M #p^. Nd 3d $L&$k#}4&%&43- ( & XPS >SS;t ) 

dfejL 4 z^, 2 t^^^" Al 4L4tf!rt«HN4 xps aH-£J&£*»ftg| 

1 ff[^. &$ r '£%J3 10" 6 Pa i£ j^'K 8 kv, 30 mA 976 eV 

£'J 992 eV tfjfcmM&frT, ttflftft X-M£.#J MgKa#JUf'J/fl ESCA-850 
(Shimadzu ^tLftfj) i£ffXPS«. ^t>ii%^ 2 kv> 20 mA Bt 

##JMM*. li^Ua^JUMMM <ifc*fM*# 1, 000) Al fUtfltti*. 
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240 x: x 20 *Mt 
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$*«3 
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1.1 
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&&M&&j£% wvfrte^mgjh 90 %^^s/^a^^ffT^ii 250 'M»t. 

+MZJS\1&&--*t4lji Nd ^W-JWJt, ^ Nd & J f^&t&& J f-3%1&& Al #L 
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Br 


HcJ 


(BH) max 


Br 


HCJ 


(BH) max 
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(kA/m) 


( KJ/m 3 ) 


(T) 


(kA/m) 


(KJ/m 3 ) 






1. 14 


1322 


243 


1. 13 


1298 


236 






1. 14 


1314 


242 


I. 11 


1282 


233 
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1. 13 


1322 


242 


1. 12 


1314 


237 




*t*bfcl 1 


1. 14 


1314 


242 


1.07 


1258 


224 






1. 13 


1330 


243 


1.05 


1242 


217 





^TitS 2 'J-Bt, &Jb^fci£&fttf&&%j^J&% 0. 5 m id # Al ^flygL 
iW*«|*flUUH ( ifcfcfM^ * 1, 000 ) W« Al 4MfcJft«04Li», 



st*b&&#! 2 
4M.6 

7 *Sifcf*» PH tetfifHf T, 6 flhFtt Si 4fc£4k 4£ 

A 9 /3t*A/9f^A« Si 4MfcJ&##^ (SiO x 4MfcJGt *t 0<x^2) fr& 
t|,Mt C 6^^*. Nd 3d #L&4k.mt%&{Z ( & XPS J9S;t ) 

db»4L 9 6 t^&tft^ Si ^t^^^ XPS »HN#**»ffl-ffl 

2 5&%tm 1 &] 3 t^^I^i^fcff XPS SM*. Si 2p #L»£»48b$ 

xps ati-tJ&MriH-B 3 ^^Lmm^^~-^^ si fcf&jfc&M:, 

£. Si 4MfcJBIt* Si ^ii&fufc^ -5 Nd A-f&^Hfeg*. ^-^ Nd >£^# 3d 4k, 

&^tf#J:i^#^^#^» #MM J £&m% 94 evf>] 110 ev. 

#A4Mfr. ifciifltffl ^fje.«t4MM l, ooo) Si 



j$L6 





Si4fc^4fc 


mm 
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^^'J 6 









IPA: #?gg| 
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PH 


mm/ si 


#/ Si fl^J 
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4. 1 
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0.005 
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$L$23&^ ( cm/min ) 
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150 x: x 20 ^Hf 
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200 x: x io 




10 


loo x: x 20 
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( jim) 


(ppm) 


( ev) 
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320 


1.3 


£*fc#j5 


0.08 
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1.1 
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1.2 



Nd JS-ffi&4WA ^ Nd ^x|ii&#-M^& Si &4fcJ&# Si JK"Hb$££-, 
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Br 


HcJ (kA/m) 


(BH) max 


Br 


HcJ 


(BH) max 


WW 




(T) 




(KJ/dP) 


(T) 


(kA/m) 


(KJ/m 3 ) 




&fefr]4 


1. 14 


1314 


242 


1. 13 


1306 


237 






1. 14 


1322 


243 


1. 11 


1290 


234 






1. 13 


1322 


242 


1. 12 


1314 


238 




tftbfr] 3 


1. 14 


1314 


242 


1.09 


1266 


226 






1. 13 


1322 


242 


1.08 


1258 


225 





^^d^^^^^^^J^n-Jk^i 0. 5 m m 6$ Si JMtjfc i£*t%-^.£ 

xi, ooo) si frW&tfiM, ^MUBUNf*: 

1 J. 3 fafttflfctirT, Si |L4^tt##3fcfr 

#i»*»4l 10 AN*. -r«*^^T Si H4ttt^i**ME. 

tfbtfj&fc tf&famktf-X 30 wtM$ SiO^ 35 wt%tf£&M» 35 wt% 

t&%& 160n^ 20 ^jH^^^^ff^^^-t^^ft^*^- 
^7 0.5m m ¥l Si &4fcJBt it^t^SaMUUfl * 1, 000) Hffi 
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&5fefcl 7 3" 8 

12 #f^#&L£\ #*f* PH tetfiHKF, tf^ 11 #T^# Ti 4fc£4fc* 

4l 14 #r^# Ti ftttj&ft A-& ( TiO x IMfcJGt % t (Kx ^ 2 ) ^ 

«#l«tt C 6^^*. Nd ^i$J$fe*Wtt 3d *fc*#fc*04fc##ii. ( * XPS 
**4L 14 st^&fcl 8 t^&tf-M" Ti |WfcJ»*»aWM4 XPS 
4 #pf. ^ XPS a'l*^-^ 1 f J 3 «NBft #^Ti&fm 

#&4M*. #j/fl*^.MM**W (A*.^* x 1» 000) Ti H«jbi^4l*, # 
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( ppm) 
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Nd J&f-¥]%.&M, ik Nd &?S&±4U^7--5 Ti Ti /f^£,#£££% 
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(BH) max 
(KJ/ra 3 ) 


Br 
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HcJ (kA/m) 


(BH) max 
(KJ/m 3 ) 






1. 15 


1322 


244 


1. 13 


1306 


237 






1. 14 


1314 


242 


1. 11 


1290 


234 




*t*t#J 5 


1. 15 


1306 


242 


1. 07 


1250 


225 





^M^im^^^^^^^--^mnmk^^ ( 5 wt%) t> 
^aj^J^Jf-^ 0. 5 M m 6^ Ti %AtS^ m&tt&.&&&M ( ifcMg^Mr * 1, 

ooo ) /wj&hj Ti Qjbjtm&&, ^mlsu^*.^ jla- ii m m-n. 



>ffc^ 4&ffc.*t m^L*Jv #^#J^*#J^£^>&- 18 ^r^W^ 

#-i£&frifcff istMMMWW^4l*-t^A Si-Zr &^&4fcJBt 

^ 19 /*h*# E^Att Si-Zr &-NMfcJ&#/ML ( SiO x • ZrO y &4fcJ& * t 
0<x^2 0<y^2 ) s(b^«4MfcJBtt C Nd jft^Jii&*&**itt 3d 

mt%&& ( & XPS ^S^.) *»4L 19 #T^, 1 #J 3 t^ft^^T, 

i&ff XPS «J*. 

m&flm Si-Zr J>^4fcJ&#£M*F, 

%Atm%4$&fctfl. m^him^MM^Mi {%Jz&^% * 1, 000) Si-Zr X 
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(cp) 


PH 


Si/Si+Zr 
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M: <£&>ffc^b ( Si 4fc^4fr+Zr -tt^ifr ) 

4.18 





( cm/min) 
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240 x: x20:$^ 
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( Ml) 
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(ppm) 


(ev) 
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0.9 



£-5£afcfc| 1 J. 3 ^J^ifc-fKF, ^^#jH*3UH> Si-Zr 
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